Intraoperative facial nerve monitoring (IOFNM) is an important adjunct to otologic and lateral skull base surgery, and its use and significance continue to evolve. Facial paralysis is a potentially devastating complication of any temporal bone procedure and can result in extensive cosmetic, functional, financial, and psychological consequences. Iatrogenic facial paralysis following otologic surgery is second to hearing loss as the most common reason for litigation.^[@bibr1-2473974X18791803],[@bibr2-2473974X18791803]^ In a review of cases from 2 large legal databases, verdicts in favor of the plaintiffs were awarded an average of \$1,131,189.^[@bibr2-2473974X18791803]^ While injury to the facial nerve is a recognized complication, preservation of facial nerve integrity and function is a primary goal of modern otologic/neurotologic surgery.

IOFNM was shown to improve facial nerve outcomes with skull base surgery.^[@bibr3-2473974X18791803][@bibr4-2473974X18791803][@bibr5-2473974X18791803][@bibr6-2473974X18791803][@bibr7-2473974X18791803][@bibr8-2473974X18791803][@bibr9-2473974X18791803][@bibr10-2473974X18791803]-[@bibr11-2473974X18791803]^ Its routine use in otologic cases has been more controversial, despite the relatively high risk of facial nerve injury for primary (0.6% and 3.7%)^[@bibr12-2473974X18791803],[@bibr13-2473974X18791803]^ and revision (4%-10%) cases.^[@bibr14-2473974X18791803],[@bibr15-2473974X18791803]^ IOFN monitors have been commercially available for \>20 years. Although initially criticized as being an expensive luxury and not a substitute for anatomic training and surgical knowledge of the facial nerve,^[@bibr16-2473974X18791803]^ IOFNM was found to be cost-effective for all patients undergoing middle ear or mastoid surgery.^[@bibr17-2473974X18791803]^ IOFNM is a valuable tool (1) to assist in the localization of the nerve when it is congenitally aberrant or distorted by disease or previous surgery and (2) to identify occult dehiscences of, aid dissection and disease removal from, and confirm the integrity of the facial nerve. Although difficult to quantify, IOFNM also plays a significant role in the training of residents in ear surgery.^[@bibr18-2473974X18791803]^ Otolaryngology residency programs have incorporated IOFNM into their curricula and trained residents to set up, troubleshoot, utilize, and interpret facial nerve monitors for temporal bone procedures.

Surveys of practicing otologists and neurotologists over the last 23 years^[@bibr16-2473974X18791803],[@bibr19-2473974X18791803],[@bibr20-2473974X18791803]^ reveal a growing trend among otolaryngologists to utilize IOFNM in chronic ear surgery. These prior surveys focused on the availability of IOFNM and the respondents' opinion with regard to standard of care in otologic surgery. None examined the specific training for IOFNM, the exact details of when or how the procedure is performed, or the reimbursement for the procedure. There have been significant changes in reimbursement in health care in the United States, and some cases are now monitored by nonsurgical staff or remote monitoring companies. We undertook this study to examine the current trends in IOFNM training, performance, and reimbursement by subspecialty surgeons.

Methods and Materials {#section7-2473974X18791803}
=====================

The Executive Committee of the Board of Directors of the American Academy of Otolaryngology---Head and Neck Surgery (AAO-HNS) directed the formation of a task force to evaluate intraoperative nerve monitoring. The task force strictly limited its initial efforts on the implementation, education, use of, and reimbursement for facial nerve monitoring, as the literature on the benefits of facial nerve monitoring is robust, consisting of \>500 articles over the last 40 years. This study was granted exemption from Institutional Review Board review (Georgetown 2018-0019).

The task force created 2 surveys, which were implemented from April 18 to June 5, 2016, through Surveymonkey.com:

-   A 10-question survey was sent to 1506 members of the American Neurotology Society, American Otological Society, and American Society of Pediatric Otolaryngology via the AAO-HNS member database to determine the current use of and reimbursement for IOFNM. These groups were chosen to focus the survey on physicians with high-volume otologic practices.

-   A 10-question survey was sent to the 120 accredited US otolaryngology residency program directors to examine the state of resident training on facial nerve monitoring.

Results {#section8-2473974X18791803}
=======

Practitioner Survey {#section9-2473974X18791803}
-------------------

Responses were obtained from 273 practitioners (18.1%; [**Table 1**](#table1-2473974X18791803){ref-type="table"}). The majority had completed fellowship training in otology/neurotology, with 44% having obtained an American Board of Otolaryngology Certificate of Added Qualification in neurotology. Forty-eight percent (48%) of respondents primarily practiced otology/neurotology. Almost 90% of practicing surgeons reported that they had received training on IOFNM. The source and type of training for IOFNM varied widely among these practitioners. Training in residency (71.4%) and fellowship (69.0%) greatly exceeded training from surgical support and equipment representatives (27.5%), continuing medical education (20.4%), and a proctor, mentor, or other surgeon (17.6%).

###### 

Training, Certification, and Practice Mix of AOS, ANS, and ASPO Members Responding to the Survey.

![](10.1177_2473974X18791803-table1)

                                                        Responses   
  ----------------------------------------------------- ----------- ------
  Fellowship trained in otology?                                    
   Yes                                                  174         64.2
   No                                                   97          35.8
   N/A                                                  2           
  Fellowship trained in neurotology?                                
   Yes                                                  172         63.5
   No                                                   99          36.5
   N/A                                                  2           
  Training in intraoperative facial nerve monitoring?               86.1
   Yes                                                  235         9.2
   No                                                   25          4.8
   Not sure                                             13          
  Board certification in neurotology?                               
   Yes                                                  117         
   No                                                   152         43.5
   N/A                                                  4           56.5
  Percentage of practice that is otology/neurotology?               
   \<25                                                 57          20.9
   25-50                                                24          8.8
   51-75                                                24          8.8
   76-100                                               168         61.5

Abbreviations: ANS, American Neurotology Society; AOS, American Otological Society; ASPO, American Society of Pediatric Otolaryngology; N/A, skipped question.

Surgeons were asked to endorse or deny if IOFNM is indicated for a particular procedure ([**Table 2**](#table2-2473974X18791803){ref-type="table"}). The majority of respondents confirmed that IOFNM was indicated for most otologic and neurotologic procedures except for tympanoplasty/canalplasty without mastoidectomy and stapedectomy/stapedotomy. Among these practitioners, usage of IOFNM varied depending on the type of surgical case ([**Table 3**](#table3-2473974X18791803){ref-type="table"}). A majority of surgeons use IOFNM for almost all surgical procedures. The frequency of IOFNM usage fell \<50% only for stapedectomy/stapedotomy. These percentages might be more representative of a particular surgeon's practice than how often IOFNM is actually used, and this finding might explain why the use of IOFNM for acoustic neuroma surgery is only 64%.

###### 

Indications for IOFNM.

![](10.1177_2473974X18791803-table2)

                                                       Responses, n (%)                      
  ---------------------------------------------------- ------------------ ------------ ----- ----
  Atresia surgery                                      267                257 (96.3)   2     8
  Acoustic neuroma surgery                             262                255 (97.3)   0     7
  Revision chronic ear surgery with mastoidectomy      268                251 (93.7)   3     14
  Skull base surgery                                   260                243 (93.5)   3     14
  Chronic ear cases involving mastoid                  265                236 (89.1)   13    16
  Cochlear implantation                                266                230 (86.5)   12    24
  Revision chronic ear surgery without mastoidectomy   262                177 (67.6)   48    37
  Tympanoplasty/canalplasty                            259                119 (45.9)   108   32
  Stapedectomy                                         261                98 (37.5)    123   40

Abbreviation: IOFNM, intraoperative facial nerve monitoring.

Agreement that IOFNM is indicated.

###### 

Responses to the Question "What Procedures Do You Perform IOFNM"?^[a](#table-fn5-2473974X18791803){ref-type="table-fn"}^

![](10.1177_2473974X18791803-table3)

                                                       Responding Yes   
  ---------------------------------------------------- ---------------- ------
  Revision chronic ear surgery with mastoidectomy      252              92.3
  Chronic ear cases involving mastoid                  246              90.1
  Cochlear implantation                                205              75.1
  Atresia surgery                                      192              70.3
  Revision chronic ear surgery without mastoidectomy   188              68.9
  Acoustic neuroma surgery                             176              64.5
  Skull base surgery                                   173              63.4
  Tympanoplasty/canalplasty                            152              55.7
  Stapes surgery                                       110              40.3
  Other                                                42               15.4
  None                                                 8                2.9

Abbreviation: IOFNM, intraoperative facial nerve monitoring.

Respondents, N = 273. Percentages might be more reflective of a surgeon's case mix than how often one uses IOFNM for each case.

The use of a facial nerve stimulator during otologic and neurotologic procedures is summarized in [**Table 4**](#table4-2473974X18791803){ref-type="table"}. Facial nerve stimulation was most frequently used during acoustic neuroma surgery, skull base surgery, and chronic ear surgery. Facial nerve stimulation was used infrequently for cochlear implantation, revision chronic ear surgery without mastoidectomy, tympanoplasty/canalplasty, and stapes surgery.

###### 

Frequency of Facial Nerve Stimulator Usage.^[a](#table-fn6-2473974X18791803){ref-type="table-fn"}^

![](10.1177_2473974X18791803-table4)

                                                       Responders Using Nerve Stimulator, n (%)                   
  ---------------------------------------------------- ------------------------------------------ ----- ---- ---- ------------
  Acoustic neuroma surgery                             186                                        15    3    0    168 (90.3)
  Skull base surgery                                   189                                        13    9    12   155 (82.0)
  Revision chronic ear surgery with mastoidectomy      260                                        41    87   19   113 (43.5)
  Chronic ear cases involving mastoid                  259                                        50    86   12   111 (42.9)
  Atresia surgery                                      207                                        36    48   20   103 (49.8)
  Cochlear implantation                                219                                        52    68   6    93 (42.5)
  Revision chronic ear surgery without mastoidectomy   244                                        72    81   18   73 (29.9)
  Tympanoplasty/canalplasty                            228                                        107   57   10   54 (23.7)
  Stapedectomy                                         214                                        128   40   3    43 (20.1)

Practitioners were asked to rate the percentage of cases where a facial nerve stimulator was used.

The total number of responses for an item (ie, not all respondents answered each item).

Placing electrodes and verifying the integrity of the nerve monitor varied among practitioners. Most practitioners (61.1%) preferred to perform these tasks themselves, while this responsibility was delegated to a monitoring service (18.1%), a resident (15.2%), an audiologist (4.1%), or a nurse (1.5%) in a minority of cases. The task of observing and heeding the facial nerve monitor during the case was handled overwhelmingly by the primary surgeon (85.5%), followed by another monitor in the room ([**Table 5**](#table5-2473974X18791803){ref-type="table"}). A fraction of surgeons relied on an audiologist, remote monitoring systems, or a nurse to follow the IOFNM.

###### 

Observing the Facial Nerve Monitor.

![](10.1177_2473974X18791803-table5)

                                   Responses^[a](#table-fn8-2473974X18791803){ref-type="table-fn"}^   
  -------------------------------- ------------------------------------------------------------------ ------
  Surgeon                          230                                                                85.5
  Monitoring service in the room   71                                                                 26.4
  Audiologist                      21                                                                 7.8
  Remote monitoring service        10                                                                 3.7
  Nurse                            8                                                                  3.0

More than 1 choice permitted.

Surgeons reported billing for IOFNM in less than half of cases ([**Table 6**](#table6-2473974X18791803){ref-type="table"}). While 85% of surgeons perform facial nerve monitoring themselves, 64% responded that they either "never" submit a bill or "do not bill for this procedure." When queried about reimbursement for IOFNM by Medicare, only 4.4% surgeons responded that they received reimbursement. The remainder of practitioners responded with "no" (36.8%) or "N/A" (58.8%; ie, skipped question). When queried about reimbursement for IOFNM by private insurance companies, only 20.2% responded positively. The remaining 79.9% responded with either "no" or "N/A."

###### 

Frequency of Submitting Bill for IOFNM.

![](10.1177_2473974X18791803-table6)

                                     Responses   
  ---------------------------------- ----------- ------
  Always                             51          19.0
  Sometimes/partially                35          13.1
  Never                              113         42.2
  I do not know                      9           3.4
  I do not bill for this procedure   60          22.4

Abbreviation: IOFNM, intraoperative facial nerve monitoring.

Program Director Survey {#section10-2473974X18791803}
-----------------------

Responses were obtained from 18 (15%) program directors. These directors indicated universal exposure of residents to intraoperative nerve monitoring during surgery for otologic/neurotologic cases and head and neck/endocrine cases. Eighty-three percent of programs train residents to troubleshoot IOFNM. Sixty-one percent of programs provide formal training on IOFNM, consisting of hands-on training (84.6%), direct observation in the operating room (69.2%), self-directed learning (46.2%), and didactic lectures (15.4%). Formal documentation of training and documentation of resident competency is recorded in 83.3% of programs. This survey revealed that 77.8% of program directors were not aware that intraoperative nerve monitoring is considered a competency of the American Board of Otolaryngology.

Discussion {#section11-2473974X18791803}
==========

IOFNM has become a mainstay of otologic and neurotologic surgery. IOFNM continues to evolve since its beginnings in the late 1970s and the patenting of the Prass probe in 1990.^[@bibr21-2473974X18791803]^ Since its first development for acoustic neuroma surgery,^[@bibr22-2473974X18791803],[@bibr23-2473974X18791803]^ intraoperative monitoring has helped surgeons identify and preserve the facial nerve during surgical treatment for a range of temporal bone pathologies. IOFNM was shown to improve facial nerve outcomes in many otologic and neurotologic procedures, including acoustic neuroma surgery,^[@bibr24-2473974X18791803],[@bibr25-2473974X18791803]^ skull base surgery,^[@bibr26-2473974X18791803]^ cochlear implantation,^[@bibr27-2473974X18791803]^ chronic ear surgery,^[@bibr28-2473974X18791803]^ cholesteatoma,^[@bibr29-2473974X18791803]^ and atresia surgery.^[@bibr30-2473974X18791803]^ This survey shows the high acceptance rate of this technology among respondents preforming otologic and neurotologic surgery.

Two previous surveys of US practice patterns of IOFNM were performed with a random sample of board-certified AAO-HNS members and therefore polled primarily general otolaryngologists. Only 10% of respondents reported their primary area of interest as otology in the earlier survey,^[@bibr19-2473974X18791803]^ and only 31% of respondents were fellowship trained in otology/neurotology in the later study.^[@bibr20-2473974X18791803]^ In these 2 earlier studies, less than half of respondents (32% and 49%, respectively) thought that IOFNM should be used as the standard of care in chronic ear surgery. Although informative, these surveys likely did not reflect the opinions of surgeons who limit their practice to otologic surgery. While limited in scope, they did show a trend of increasing adoption of IOFNM for chronic ear surgery as compared with the narrow questionnaire regarding standard of care in 1994,^[@bibr16-2473974X18791803]^ which showed only a 4% rate for routine IOFNM by the American Neurotology Society and American Otological Society member respondents at the time. As "standard of care" is a legal definition that varies from state to state and country to country, our task force purposely did not attempt to collect data on the respondents' opinions on standard of care but aimed to survey current training, practices, procedures, and reimbursement related to IOFNM.

Critics of IOFNM have stressed the cost burden of the procedure to hospitals and health care systems as unnecessary, and a comment in the 1994 survey deserves quotation: "The real test to this question would be answered if each surgeon had to pay for VII monitoring personally---then what cases would be monitored?"^[@bibr16-2473974X18791803]^ The answer to this question is seen in present practice, where surgeons are using monitoring but not getting paid for it. In other words, surgeons still perform this task even if not reimbursed.

The devastation of iatrogenic facial nerve injury to the patient and the burden of its treatment and recompense by the surgeon, hospital, and health care system are so significant that use of IOFNM for chronic ear surgery was found to be cost-effective with a model even when it included the use of a monitoring audiologist.^[@bibr17-2473974X18791803]^ The cost of IOFNM is undoubtedly driven higher when nonsurgeon monitoring is billed to insurance companies and health care systems. This study shows the wide use of IOFNM by subspecialty surgeons for chronic ear surgery despite the lack of reimbursement to at least 80% of surgeons who are, for the most part, doing their own monitoring. When one considers setup and troubleshooting time, intraoperative care, and attention of IOFNM, most surgeons are indeed paying somewhat personally for this procedure, yet its use continues to expand over time.

Facial nerve monitors are designed for use by the surgeon with acoustic and visual alerts that can be easily interpreted during surgery. Medicare, the largest third-party payer in the United States, pays for intraoperative nerve monitoring when performed by (1) a physician not performing the surgical procedure, (2) an audiologist trained and certified in electrophysiologic monitoring, (3) a physical therapist trained and certified in electrophysiologic monitoring, or (4) a neurophysiologist, neurologist, or physiatrist, but not the operating surgeon (Current Procedural Terminology code 95940). Furthermore, Medicare allows reimbursement for remote monitoring (Current Procedural Terminology code 95941, Healthcare Common Procedure Coding System code G0453)^[@bibr31-2473974X18791803]^ by a physician, usually a neurophysiologist, who can be outside the hospital and relay information back to the surgeon. This situation has multiple elements that can impede the transmission of information, including communication delay, communication failure, lack of waveform, and lack of attention. For optimum performance, IOFNM needs to be instantaneous. The only way to achieve this instantaneity is by auditory signal from the nerve monitor and by perception of the operating surgeon without a middle party. This is analogous to collision sensors on a car in which the audible tone becomes more rapid the closer the car comes to an obstacle; this immediate feedback allows the driver to avoid a collision. It is preposterous to consider that collision avoidance would work best when someone other than the driver monitors the alarm. It is even more absurd to consider that someone in a secure remote location would need to call the driver to warn of an impending collision.

Some third-party payers consider IOFNM medically necessary for certain procedures, such as surgery for acoustic neuroma, cholesteatoma, facial nerve neuroma, and vestibular neurectomy, but not for cochlear implantation, tympanoplasty, and tympanomastoidectomy, claiming that the value for these indications has not been established.^[@bibr32-2473974X18791803]^ The results of the survey indicate that most practitioners are not submitting bills for IOFNM and that those who do submit a bill are not getting paid; therefore, knowledge in the process of billing and collecting for these services is lacking. Reimbursement for IOFNM is performed in some US markets, perhaps related to local physicians' education, experience in billing, and willingness to appeal their claims for their services. The Centers for Medicare and Medicaid Services and third-party payers currently not paying for IOFNM should reconsider paying the surgeons reasonable fees for performing this important procedure, as they are universally trained, are the most competent and adept to perform this service, and carry the ultimate responsibility for facial nerve integrity.

This survey omitted several important factors that might have an impact on its conclusions, such as age of respondent, years in practice, practice setting (academic or private practice), or case mix. The major shortcoming of this study is its low response rate. We did not send email reminders or offer incentives to reply.^[@bibr33-2473974X18791803]^ Response rates of web surveys have been decreasing over the last 10 years.^[@bibr34-2473974X18791803]^ A low response rate might introduce a nonresponse bias; however, such bias is not always linked to the response rate.^[@bibr35-2473974X18791803],[@bibr36-2473974X18791803]^ In fact, the relationship between the nonresponse rate and nonresponse bias is weak.^[@bibr37-2473974X18791803]^ The low response rate in our study is consistent with other emailed survey-based studies, and the cost of paper- or interviewer-based surveys is significant, while not improving response rate. The most recent survey on the topic was performed by mail and Surveymonkey.com with no statistically significant differences between the mailed and electronic responses.^[@bibr20-2473974X18791803]^ We did not include a category for nonavailability for IOFNM, assuming ubiquitous access in this health care environment. Although the percentage on nonuse of IOFNM is low for all procedures other than stapedectomy and tympanoplasty/canalplasty, lack of access to equipment and no choice/preference could still be a consideration in some settings.

Conclusion {#section12-2473974X18791803}
==========

IOFNM is widely used among otologists and neurotologists in the United States for procedures beyond tympanoplasty and stapes surgery. Otolaryngology residents are given exposure on the setup, use, monitoring, and troubleshooting of the device, and their competency is evaluated. Reimbursement for IOFNM is reported by only a paucity of those surveyed. Current reimbursement guidance for a separate individual, either in the room or in a remote location, is cost-ineffective and potentially hazardous in terms of loss of feedback immediacy. There is a need for reassessment of policies to enable financially viable provision of the highest quality of care during otologic and neurotologic surgical procedures.
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